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Haemophilus b Conjugate Vaccines

Recommendations of the Immunization Practices Advisory Committee
(ACIP) of the U.S. Public Health Service*

These recommendations include
information on use of two vaccines
recently licensed for use with infants:
Haemophilus b Conjugate Vaccine
(Diphtheria CRM197 Protein Conju-
gate) (HbOC), manufactured by
Praxis Biologics, Inc., and Haemo-
philus b Conjugate Vaccine (Menin-
gococcal Protein Conjugate) (PRP-
OMP), manufactured by Merck
Sharp and Dohme, newly licensed for
use with infants. This statement ex-
pands on earlier product-specific rec-
ommendations made in the November
1990 and January 1991 issues of the
Virginia Epidemiology Bulletin and
also updates recommendations for
use of these and other Haemophilus b
conjugate vaccines with older chil-
dren and adults.

Introduction

Haemophilus influenzae type b
(Hib) is the leading cause of invasive
bacterial disease among children in
the United States. Before effective
vaccines were introduced, one in 200
children developed invasive Hib dis-
ease by the age of 5 years. Sixty per-
cent of these children had meningitis;

3%-6% died. Perma-
nent sequelae, ranging
from mild hearing loss
to mental retardation,
affect 20%-30% of all
survivors of meningitis.
Ninety-five percent of
the cases of invasive H.
influenzae disease
among children less
than 5 years of age are
caused by organisms
with the type b polysac-
charide capsule. Ap-
proximately two-thirds
of all cases of Hib dis-
ease affect infants and
children <15 months of
age, a group for which a
vaccine has not pre-
viously been available.!

Three Haemophilus b conjugate
vaccines are currently licensed for
administration to children 15 months
of age or older in the United States.
Recently, the Food and Drug Admini-
stration approved the use of HbOC
(October 4, 1990) and PRP-OMP (De-
cember 13, 1990) for routine admini-
stration to infants beginning at 2
months of age. This statement a)
summarizes available information
about Haemophilus b conjugate vac-
cines, b) offers guidelines for use of
HbOC and PRP-OMP for infants for
prevention of Hib disease, and c) ad-
vises how to use conjugate vaccines
for older children. It should be noted
that HbOC and PRP-OMP have dif-

ferent schedules for administration,
which are discussed below.

Immunology of Hib

The polyribosylribitol phosphate
(PRP) capsule of Hib is a major viru-
lence factor for the organism. Anti-
body to PRP is the primary contribu-
tor to serum bactericidal activity, and
increasing levels of antibody are as-
sociated with decreasing risk of inva-
sive Hib disease. The human immune
response to PRP resembles the
murine response to T-cell inde-
pendent antigens: B cells provide the
primary response without a contribu-
tion from T-helper cells. In contrast
to T-cell dependent antigens, T-cell
independent antigens are charac-
terized by a) induction of a poor anti-
body response in <18-month-old in-
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fants and children, b) a variable and
quantitatively smaller antibody re-
sponse than that seen with T-cell de-
pendent antigens, ¢) production of a
higher proportion of immunoglobulin
M (IgM), and d) inability to induce a
booster response.

Polysaccharide vaccines

Vaccines derived from PRP alone
(polysaccharide vaccines) were devel-
oped in the 1970s. After demonstra-
tion of safety, immunogenicity, and
induction of serum bactericidal activ-
ity, an efficacy of 90% (95% confi-
dence interval [CI] = 50%-95%) was
shown for one dose of vaccine given to
children 18-71 months old in a large
trial in Finland. However, the vac-
cine was ineﬁ'egt.ive for infants 3-17
months of age.” Beginning in 1985,
several PRP vaccines were licensed
for use in the United States for chil-
dren 18 months of age or older, and a
series of post-licensure case-control
studies demonstrated variable effi-
cacy. Four of five studies showed effi-
cacy in the range of 41%-88?, and
one study showed no efficacy.

Conjugate vaccines

Covalent linkage (conjugation) of
PRP with T-cell dependent protein
antigens was evaluated in an at-
tempt to overcome the T-cell inde-
pendent characteristics of PRP. At
present three different Haemophilus
b conjugate vaccines are licensed for
use with older children—HbOC,
PRP-OMP, and Haemophilus b con-
jugate vaccine (Diphtheria Toxoid
Conjugate, Connaught Laboratories,
Inc.) (PRP-D). As noted above, two of
these vaccines, HbOC and PRP-
OMP, have recently been licensed for
use with 2-month-olds. The conju-
gate vaccines differ by protein car-
rier, polysaccharide size, and method
of chemical conjugation, including
use of a spacer (a linking moiety)
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between ti)e PRP and protein carrier
(Table 1).

Immunogenicity

Immunogenicity studies of each of
the three conjugate vaccines have
been performed among 2- to 6-month-
old children. Comparisons of these
individual evaluations are difficult,
however, because assays for antibody
to PRP are not standardized and
study designs differ. Recent studies
among Alaskan Native infants and
infants in California, however, sug-
gest that the three conjugate vac-
cines induce markedly diﬁ‘eregl.& im-
munologic responses (Table 2).”” The
immunogenicity of HbOC among
non-Alaskan Natives was not evalu-
ated in these studies. A separate
study in which HbOC was adminis-
tered to infants and children in New
York State and Pennsylvania showed
higher immunogenicity than that re-
ported for Alaskan natives; however,
the assays were performed in differ-
ent laboratories. Studies comparing
administration of the three vaccines

to 2- to 6-month-old infants in Nash-
ville also demonstrated substantial
differet;ces in immunologic re-
sponses.” The precise level of anti-
body required for protection, particu-
larly in the presence of immunologic
memory stimulated by conjugate vac-
cines, is not known; however, geo-
metric mean titers of 1 ug/mL are
considered to b% indicative of long-
term protection.

Similar comparative data for the
different conjugate vaccines among
7- to 14-month-old children are not
available. However, among 432 chil-
dren who received two doses of
HbOC, with the initial dose given at
7-14 months of age, more than 99%
achieved serum antibody levels >1
ug/mL (Praxis Biologics, Inc., unpub-
lished data). In a separate study
among 94 children who received two
doses of PRP-OMP, with the initial
dose given at 7-11 months of age, 94%
achievegd serum antibody levels >1
ug/mL,

Efficacy

Results of efficacy trials among in-
fants are available for the three con-
jugate vaccines. The first efficacy
trial of an Hib conjugate vaccine
among infants was completed in Fin-
land using the PRP-D vaccine. In a
systematic, unblinded trial involving
60,000 infants (30,000 of whom re-
ceived the vaccine at 3, 4, and 6
months of age), the point estimate of
eﬁicat{x was 87% (95% CI = 50%-
96%).” In a randomized, double-
blind, placebo-controlled study of
2,102 Alaskan Natives, however, the
point estimate of eﬂicmﬁ was 35%
(95% CI = [-57%])-73%)."" Immuno-
genicity of the vaccine was limited in
both trials. In the Finnish trial, <40%
of infants had attained an antibody
level of >1 ug/mL 1 month after re-
ceiving the third of three doses (geo-
metric mean titer (GMT) = 0.42
ug/mL). In Alaska, infants with a
similar vaccination schedule had
lower mean titers (GMT = 0.2 ug/mL)
3 months after receiving the third
dose. A subsequent immunogenicity
study documented antibody re-
sponses that were similar to those in
the Alaskan and Finnish efficacy tri-
als (Table 2).

The reason for the observed differ-
ences in efficacy estimates between
Alaskan Native and Finnish infants
is unclear. These populations have
been observed to have differences in
age distribution of Hib disease as

May, 1991

-



",

O

O

well as differences in other risk fac-
tors. For example, in Finland 28% of
the reported cases of Hib disease
among <5-year-old children occur be-
fore the children are 1 year of age;
this percentage is 64% for Alaskan
Natives and 54'@ for the United
States population.'?

A recent study of HbOC vaccine
was conducted among 60,000 infants
who were enrolled in the Northern
California Kaiser Permanente
Health Plan and who were vacci-
nated at 2, 4, and 6 months of age.
Approximately one-half of these in-
fants received HbOC vaccine. Twelve
of the unvaccinated children and
none of the children who had received
a full series of vaccine (i.e., three
doses) subsequently had Hib disease,
an efficacy of 100% (lower 95% CI =
68%). Three children who had re-
ceived one dose of the vaccine and
none of the children who had reisived
two doses had Hib disease.”™ Al-
though children were not randomly
assigned to vaccine and comparison
groups, analysis of the results sug-
gests that the observed efficacy was
not due to lack of comparability be-
tween the two groups.

A randomized, placebo-controlled,
double-blind trial of PRP-OMP vac-
cine was performed among Navajo
infants vaccinated at 2 and 4 months
of age. Vaccine efficacy was evalu-
ated for 3,486 infants who completed
the primary two-dose regimen. Four-
teen cases of invasive Hib disease
occurred in the placebo group com-
pared with one case in the vaccine
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group, an efficacy of 93% (96% CI =
45%-99%) (M. Santosham, personal
communication). Among infants who
received only one dose of vaccine or
placebo, eight cases of Hib disease
occurred in the placebo group, com-
pared with none in the vaccine group
(p=0.008).

Recommendations for
vaccine use

1. On the basis of the above consid-
erations, the ACIP recom
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mends that

terval as short as 1 month between
doses is acceptable but not optimal.
3. If PRP-OMP is to be used, pre-
viously unvaccinated infants 2-6
months of age should receive two
doses 2 months apart and a booster
dose at 12 months of age. Children
7-11 months of age not previously
vaccinated should receive two doses
2 months apart and a booster dose at
15 months of age (or as soon as possi-
ble thereafter), not less than 2
months after the previous dose. Chil-
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Post-2or-3  0.04 (0%) -

doses of vaccine.

interlaboratory veriability,
this table cannot be

Age (monthe)/ PRP-D PRP-OMP HbOC
vaccine dose®  Alaska  Calomls  Alsska  Callfomia  Alaska  New York'
2Pre 0.08 (4%)' 0.04(3%) 0.18(14%) 009(6%  0.16(6%)  020(12%)
4Post? 004(2%) 003(0%) 137(57%) 215(73%) 0.07(0%)  0.30(15%)
6/Post2 0.06(11%) 0.14(25%) 271(79%) 376(82%) 058(43%) B.11(84%)
MPost3 055(43%) 048(37%) — - 13.72(34%) 1684 (98%)
Sst20r3  020(20% 013(22%) 053(29%) 0B(62%) 0@} 7.41(84%)
1518/

0.21 (16%) s

yostcor-s OV ——
*PRP-D, HbOC given as three doses st 2, 4, and 6 months; PRP-OMP given at 2 and 4 months.
Pre = blood drawn before any vaccine is sdministered; Post 1 = blood drawn
of vaccine; Post 2 = blood drawn after two doses of vaccine; Post 3 = blood drawn sfter three

1Assays for this study were performed in different laboratories from others in this table. Due to
comparisons

definitive
made based on these data.
¥Anti-PRP antibody geometric mean titer expressed In micrograms per microliter (%>1 pg/mlL).

1.84 (71%)

after one dose

between this group of vaccines and others in

all children receive one of the conju-
gate vaccines licensed for infant use
(HbOC or PRP-OMP), beginning rou-
tinely at 2 months of age (Table 3).
Administration of the vaccine series
may be initiated as early as age 6
weeks.

2. FHbOC is to be used, previously
unvaccinated infants 2-6 months of
age should receive three doses given
at least 2 months apart. Unvacci-
nated infants 7-11 months of age
should receive two doses of HbOC,
given at least 2 months apart, before
they are 15 months old (Table 4).
Unvaccinated children 12-14 months
of age should receive a single dose of
vaccine before they are 15 months of
age. An additional dose of HbOC
should be given to all children at 15
months of age, or as soon as possible
thereafter, at an interval not less
than 2 months after the previous
dose. The other two conjugate vac-
cines licensed for use at 15 months of
age may be used for this dose, but
there are no data demonstrating that

a booster response will occur. An in-

dren 12-14 months of age not pre-
viously vaccinated should receive a
single dose and a booster dose at 15
months of age (or as soon as possible
thereafter), not less than 2 months
after the previous dose. The other two
conjugate vaccines licensed for use at
15 months of age may be used for this
dose, but there are no data demon-
strating that a booster response will
occur, Aninterval as short as 1 month
between doses is acceptable but not
optimal.

4. Unvaccinated children 15-59
months of age may be given any one
of the three conjugate vaccines li-
censed for this age group.

5. Ideally, the same conjugate vac-
cine should be used throughout the
entire vaccination series (according
to the schedule outlined in Table 4).
No data exist regarding the inter-
changeability of different conjugate
vaccines with respect to safety, im-
munogenicity, or efficacy. However,
situations will arise in which the vac-
cine provider does not know which
type of Hib conjugate vaccine the
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child to be vaccinated had previously
received. Under these circumstances,
it is prudent for vaccine providers to
;nssure ﬂti:at oa.ft a minimum an infant
-6 months of age receives a primary
series of three doses of conjugate vac-
cine. These recommendations may
change as data become available re-
garding the response to different con-
jugate vaccines in a primary series.

6. Children <24 months of age who
have had invasive Hib disease should
still receive vaccine, since many chil-
dren of that age fail to develop ade-
quate immunity following natural
disease. The vaccine series can be
initiated (or continued) at the time of
hospital discharge.

7. Chemoprophylaxis of household
or day-care classroom contacts of
children with Hib disease should be
directed at both vaccinated and un-
vaccinated contacts because immune
individuals may asymptomatically
carry and transmit the organism. Be-
cause of the time required to generate
an immunologic response, vaccina-
tion following exposure should not be
used to prevent secondary cases.
However, the ACIP strongly supports
extensive use of the Hib vaccine for
infants attending day-care facilities;
that action should substantially de-
crease the occurrence of primary
cases of Hib disease in day-care facili-
ties. If every child in a household or
day-care classroom has been fully
vaccinated, chemoprophylaxis is un-
necessary.

8. Conjugate vaccine may be given
simultaneously with diphtheria and
tetanus toxoids and pertussis vaccine
adsorbed (DTP); combined measles,
mumps, rubella vaccine (MMR); oral
poliovirus vaccine (OPV); or inacti-
vated poliovirus vaccine (IPV). Any of
the vaccines may be injected in the
thigh, and two injections may be
given in the same deltoid. All licensed
conjugate vaccines should be admin-
" istered by the intramuscular route.
There are no known contraindica-
tions to simultaneous administration
of any Hib conjugate vaccine with
either pneumococcal or meningococ-
cal vaccine.
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9. No efficacy data are available on
which to base a recommendation con-
cerning use of the vaccine for older
children and adults with the chronic
conditions associated with an in-
creased risk of Hib disease. Studies
suggest, however, good immuno-
genicityltn patients ‘anth sickle cell
disease, leukerma, jents who
have had spleneW or who
have HIV infection, and admin-
istering vaccine to these patients is
not contraindicated.

Side Effects and Adverse
Reactions

Reported reactions to the three
conjugate vaccines have been mild
among both infants and children. In
one study, approximately 300 1- to
6-month-old infants who received
HbOC vaccine (without simultane-
ous administration of DTP) were
evaluated; within 24 hours of injec-
tion, no serious side effects were
noted. Following the third dose, 2.2%
were noted to have a temperature
>38.3 C, 2.2% had localized redness,
1.1% ha ﬁ swelling, and <1% had
warmth.™* Adverse events following
the first and second doses were less
frequent.

Serious adverse reactions to PRP-
OMP also have been rare. Among
4,459 healthy Navajo infants 6-12
weeks of age, no differences were re-
ported in type and frequency of
serious adverse events among those
who received PRP-OMP and those
who received placebo. Of the infants
in the group who were 2-14 months of
age, 3%-4.3% had a temperature
>38.3 C within 48 hours of receiving
a second dose of vaccine, 0.7%-1.2%
had erythema of >2.5 cm in diameter,
and 0.9%-3.7% had swelling and in-
duration of >2.5 cm in diameter. Ad-
verse events following the first dose
were less frequent.

Precautions and Conitra-
indications

Conjugate vaccines that contain
either diphtheria toxoid or protein
should not be considered as an immu-
nizing agent against diphtheria; no
changes in the schedule for adminis-
tering DTP are recommended. A con-
jugate vaccine that contains menin-
gococcal protein should not be consid-
ered as an immunizing agent against
meningococcal disease.
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Vaccing Age st 1st dose (months) Primary serlas Booster
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15-59 1 dose -
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and Dohme) 12-14 1 dose 18 mo.*
16-58 1 dose B
PAP-D 15-59 1 doss -
{Connaught)
*At least 2 months after previous dose.
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Theme: “A Revolutionary Experience”

Contact: Mary Ann Robinson, RN, Eastern State Hospital,
Drawer A, Williamsburg, Virginia 23187-3701
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Cases of Selected Notifiable Diseases, Virginia, April 1 through April 30, 1991.

Disease _State NW_ N SW C E
AIDS 56 4 11 i R 236 205 121
Campylobacter 40 10 10 gF Sl 4 114 141 126
Gonorrhea 1192 - - - - - 5409 6128 5414
Hepatitis A 17 1 10 " & 5 64 84 86
Hepatitis B 12 1 2 1 8 2 78 78 107
Hepatitis NANB 3 0 1 1 0 1 9 12 18
Influenza 6 1 0 3 2 0 597 759 1991
Kawasaki Syndrome 4 1 1 il 0 1 14 7 i
Legionellosis 1 0 0 0 0 1 4 6 3
Lyme Disease 3 0 1 1 0 1 10 9 3
Measles 6 1 1 0 3 1 20 27 20
Meningitis, Aseptic 16 2 4 - SRS | 4 66 62 50
Meningitis, Bacterial* 10 1 2 4 1 2 48 59 71
Meningococcal Infections 2 0 1 05— 1 13 22 29
Mumps 0 0 0 g N 0 19 29 25
Pertussis 1 0 1 0 0 0 5 8 12
Rabies in Animals 38 9 16 5 5 3 87 60 99
Reye Syndrome 0 0 0 0 0 0 1L 0
Rocky Mountain Spotted Fever 0 0 0 0 0 0 0 0 ;
Rubella 0 0 0 g . S5 0 0 0 3
Salmonellosis ™ 12 25 12 14 16 287 292 299
Shigellosis 50 5 3 35 7 0 119 51 83
Syphilis ~ 109 6 21 16 26 40 376 281 175
Tuberculosis 23 0 9 - 1 99 104 119

Localities Reporting Animal Rabies: Albemarle 1 skunk; Appomatox 1 raccoon; Augusta 1 raccoon; Botetourt 2 skunks; Craig 1
Bobeat; Fairfax 5 raccoons; Faquier 2 foxes, 1 skunk; Frederick 1 skunk; Gloucester 2 raccoons; James City 1 raccoon; Loudoun 1
fox, 8 raccoons; Lunenburg 1 raccoon; Madison 1 raccoon; Prince William 1 dog, 1 raccoon; Rockingham 1 skunk; Shenandoah 1 skunk;
Surry 1 raccoon; Sussex 2 raccoons, 1 skunk; Washington 1 skunk.

Occupational Illnesses: Asbestosis 6; Carbon Monoxide Exposure 1; Carpal Tunnel Syndrome 69; Coal Workers’ Pneumoconiosis 64;
Dermatitis 1; Hearing Loss 10; Mesothelioma 1; Propane Gas Exposure 1; Repetitive Motion Disorder 9.

~Total now includes military cases to make the data consistent with reports of the other diseases.

*other than meningococcal
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